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repeat, stretch ( ) repeat Y
$(a_{1}, a_{2}, , a_{m})$ $(a_{1}, a_{2}, , a_{m}, a_{1}, a_{2}, , a_{m})$ stretch $(a_{1},$ $a_{1},$ $a_{2},$ $a_{2}$ ,



















$m$ $A=(a_{1}, a_{2}, \cdots, a_{m})$ $a:$ ( $A[\iota]$ )
( ) $A=(a_{1}, a_{2}, \cdots, a;),$ $B=(b_{1}, b_{2}, \cdots, b_{j})$ $0$
2 $AoB=(a_{1}ob_{1}, a_{2}ob_{2}, \cdots, a_{k}ob_{k})$ (
$k= \min(i, j))$ ( ) $A$ $B$ $AB$ $(A, B)$
$(a_{1}, a_{2}, \cdots, a:, b_{1}, b_{2}, \cdots, b_{j})$ $A^{p}=A^{p-1}A,$ $A^{1}=A$ $A$ $|A|$
$|A|=1$ $(a_{1})^{l}$ $a$:
repeat, stretch 2 fold, contract $\downarrow,$ $arrow\uparrow,$ $arrow$
$m$ $d(m)$
$A=(a_{1}, a_{2}, \cdots, a_{m}),$ $B=(a_{1}, a_{2}, \cdots\cdots, a_{md(m)})$
$\circ$
$\downarrow A=A^{d(m)}$ . (1)
$arrow A=(a_{1}^{d(m)}, a_{2}^{d(m)}, \cdots, a_{m}^{d\{m)})$ . (2)
$\uparrow B=(f(a_{1}, a_{m+1}, \cdot.., a_{(d(m)-1)m+1})$ ,
$f(a_{2}:.’ a_{m+2}:.’\cdots, a.):^{(d(m)-1)m+2}$
’ (3)
$f(a_{m}, a_{2m}, \cdot.., a_{d(m)m} ))$ .
$arrow B=$ $(f( a_{1}, a_{2}, \cdots, a_{d(m)} )$ ,
$f( a_{d(m)+1}, a_{d(m)+2}, \cdots, a_{2d(m)})$ ,
(4)
: :
$f( a_{(m-1)d(m)+1}, \cdots, a_{md(m)}))$ .
$f(a_{1}, a_{2}, \cdots, a_{m})=\{\begin{array}{l}0ifaif\text{ }0undefi nedif\text{ _{ }}\end{array}$ (5)
$d(m)$ $BS$ ( RS-VM) RS-VM$(d(m))$
1 $x,$ $y,$ $z,$ $\cdots$ .
2. $a,$ $b,$ $c,$ $\cdots$ .
3. : $x:=y+z,$ $x:=y-z$($=0$ if $z>y$),
if $(x>0)$ goto label, accept, reject.
4. $X,$ $Y,$ $Z,$ $\cdots$ .
5. $A,$ $B,$ $C,$ $\cdots$ .
6. $X$ $:=Y+Z,$ $X:=Y-Z$.
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7. $X:=\downarrow Y,$ $X$ $:=arrow Y,$ $X$ $:=\uparrow Y,$ $X$ $:=arrow Y$.
8. $x$ $:=X[1]$ .






RS-VM NP (i), (ii) (i)
$n$ $(\ddot{u})(i)$
0/1
0/1 : $x_{1},$ $x_{2},$ $\cdots,$ $x_{n}$ 0/1
$C_{01}$
$\wedge^{n}$ $\wedge^{n}$
$C_{01}=( \frac{(0\cdot\cdot 00)^{m}(0\cdot\cdot 0.1)^{m}}{nm\cdot 2^{\hslash}}$
(6)... $(1\cdot\cdot 11)^{m})\wedge n$
$n$ ( ) $(x_{1}, \cdots, x_{n})$ 0/1
$m$ , $(\ddot{u})$ $C_{01}$
$l^{i}$
: 1, 2, $\cdots,$ $n$ ( $n!$ ) $n$ (
)
NP







: $A$ $:=A+A$ $i$ $A$ $a$ $a\cdot 2^{:}$
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: $A$ $0$ $a$








$\vee:A$ $B$ 0/1 $A+B$
$A\vee B$
$\wedge:A\wedge B=\neg(\neg A\vee\neg B)$ .
$\oplus:A\oplus B=(A\vee B)\wedge\neg(A\wedge B)$ .
: $A,$ $B$ 1
Y $D:=(A-B)+(B-A)$ (9)
$D$
: $A$ , MASK MASK 0/1
MASK $A$ MASK $A$







\wedge -contract : Y (4)









$NUM(2^{2}):=(0,1, \cdots , 2^{2^{i}}-1)$ (12)
1V UM(2) $2^{:}$ repeat
$(01\cdots(2^{2}-1)01\cdots(2^{:}-1)\cdots 01\cdots(2^{2}-1))\ovalbox{\tt\small REJECT}_{2^{+1}}^{2^{2}}:$: (13)
$\overline{2^{2^{i}}}\overline{2^{2}:}$ $\bigvee_{2^{2}}$:
1V UM$(2^{2})$: $2^{:}$ stretch





$NUM(2^{2}):+1$ (13) $+(15)$ $NUM(2^{2})$: $NUM(2^{2}):+1$
$O(2^{i})$
$NUM(j)$ $NUM(2‘ k)(k=\lceil 1og\log j\rceil)$
$(00\cdots 0)\sim_{j}$
(16)
((16) $i$ ) $NUM(j)$
$T$












: $NUM’(l)$ $\log mn$ stretch







$((1_{n}. \cdots 1)^{m}(2_{n}.\cdots 2)^{m}\bigvee_{l^{h-1}}\bigvee_{l^{h-1}}\cdots(l\cdots l)^{m})\bigvee_{h-1}n\cdot l$
(24)
$(NUM(n))^{ml^{h}}$ , (25)





$C_{1l}(h)=(( \cdot\cdot 1\cdot\cdot 11)^{m}(\cdot\cdot 1\cdot\cdot 12)^{m}\bigvee_{n}^{h}\bigvee_{n}\wedge\wedge\ldots(\cdot\cdot 1\cdot\cdot 1l)^{m}\bigvee_{n}^{h}\wedge\ldots\ldots(\cdot\cdot l_{n}\cdot ll)^{m}\sim\wedge)$ (28)
$C_{1l}(h)$ $h$ ( $l^{h}$ ) $h$




$(_{\frac{0\cdots 0^{\wedge}10\cdots 0}{n}})^{ml^{h}}$ (29)
$1ogl$ repeat ( $O(1ogl)$
) (29) (26) (27)
$()^{ml^{h}} \frac{n-h-1,\cdots,n-h-1}{n}$ (30)
(25) Y (25), (26), (27)
$\log$ $l$ repeat
$h=n$ $C_{1l}$ $O(n\log 1)$ 1
5.1 0/1
$C_{01}$ 2 $C_{12}$ $O(n)$






$C_{1n}=((1\cdot\cdot 11)^{m}(1\cdot\cdot 12)^{m}\cdots(1\cdot\cdot 1n)^{m}\cdots\cdots(n\cdot\cdot nn)^{m})\sim\sim\sim-nnnn$ (32)
1, 2, $\cdots,$ $n$
$C_{P}$ o $C_{1n}$ $\log$ $n$ $oepeat$ . $NUM’(n)$ $1ogn^{n+1}$ stretch
$(C^{n}C \bigwedge_{1n}^{+1},\bigwedge_{1n^{1}}^{\hslash+}nn . . .,\sim nC_{1n^{1}}^{n+})$
(33)
$(11 \cdots 122\cdots 2\sim’\sim’ . . . \frac{nn\cdots n}{\pi^{n+1}})$
(34)
“n l Bn l
1 2 $n$
((34) 1 $C_{1n}$ ) (33)
(34) $\tilde{P}$ $\overline{P}$ $\log$ $n$ contract $\log$ $n$ stretch
1 1 1
$n$ $C_{1n}$ $n$ 1 $\log$ $n$




$Xj,\overline{X}j(j=1,2, \cdots, n)$ ci $(i=1,2, \cdots, m)$
$0$ 1
RS-VM $n,$ $m$ (2 ) 2 $C=(C_{1}C_{2}\cdots C_{m}),$ $\mathcal{N}=(\mathcal{N}_{1}$
$\mathcal{N}_{2}\cdots \mathcal{N}_{m})$ $C$ 9-, $c_{:}$ $c$: $n$
$c$; $x_{j}$ $\overline{x}_{j}$ $c_{:}\triangleright$ ] $=1$ $c$: $\overline{x}_{j}$







[ 1] RS-VM(2) $O(n)$
( ) $C_{01}$ O(n) C, $\mathcal{N}$ n fe-
peat $C_{r},$ $\mathcal{N}_{r}$ Col, $C,,$ $\mathcal{N}$,
$C_{01}=0\cdot\cdot 00\wedge n\ldots\wedge,\wedge,\cdot,\wedge,\cdots\cdot,\wedge,\cdot,\wedge 0\cdot\cdot 000\cdot\cdot 01\cdot\cdot 0\cdot\cdot 01\cdots\cdot\cdot 1\cdot\cdot 11\cdot\cdot 1\cdot\cdot 11nnnnn$
$\mathcal{N}_{r}^{C_{f}}==$ $\mathcal{N}_{1}^{1}C$
.








1 $C_{01}$ $0$ 1
$\hat{C}_{01}$











RS-VM $nxn$ $0$ 1 $I$
$I=(e_{11},$ $e_{12}$ , $\cdot$ .. $e_{1n}$ ,
$e_{21}$ , $e_{22}$ , $e_{2n}$ ,
(37)




$e:j$ 1 $i$ $j$
1
$n$ 2 $G$ $i$
$j_{1},$ $j_{2},$
$\cdots,$
$j_{k}$ $G$ $i_{1},$ $i_{2},$
$\cdots,$
$i_{l}$
( $l\geq 2$ ) $(i, i_{1}),$ $(i_{1}, i_{2})$ , , $(i_{t-1}, i_{l})$ $(j_{1}, i_{t}),$ $(j_{2}, i_{l})$ , , $(j_{k}, i_{l})$
[ 3] RS-VM(2) $O(n1og^{2}n)$
( ) 5. $C_{P}$ $m=n^{\log n}$
$i$ $j$ $i$ $j$ $n=4$
Y (3421) 1–3, 2–4, 3–2, 4–1
$1arrow 3arrow 2arrow 4arrow 1$ $m$
$C_{P}$
$C_{P}$ $n^{2}$ $C_{P}$ $\log$ $n$ stretch
$(NUM’(n))^{m\cdot n^{n+1}}$ $MT$ (3421)
Y $\log$ $n$ stretch
(3333444422221111) $\cdots\cdots$ (38)
o (1234123412341234) $\cdots\cdots$ (39)







$I$ $\log mn^{n}$ repeat $\llcorner$ $I^{mn^{n}}$
$MT[i]=1$ $(I^{mn^{n}})[i]=0$ $K[\iota]=1$ $K$
$K$ $:=MT-\Gamma^{nn^{n}}$ (42)
$K$ $\log n^{2}$ contract $\log$ $n^{2}$ stretch $K’$ o $\neg K’$
$MT$
$MT^{(1)}$ $MT^{(1)}$ $n^{2}$
$m$ $MT^{(1)}$ $G$ $n$
2 Y (1342) $1arrow$
$1,2arrow 3arrow 4arrow 2$ $n$
$G$




( 1 ) $n$
$MT^{(n)}$ 1 $n$ 2
MT(7)
( $2^{i}<n$ $MT^{(n)}$ 1 )
$MT^{(1)}$ 1 $nxn$
$\downarrow NUM(n)$ $arrow NUM(n)$ 1 $n$ $n$
$DIA(n)$ $\log mn^{n}$ repeat $(DIA(n))^{mn^{\hslash}}$
$MT^{(1)}$ $MK$ $MK$ $\log n^{2}$ contract $\log$ $n^{2}$
stretch MASK $\neg MASK$ $MT^{(1)}$
$MT^{(1)}$ 2
$MT^{(2)}$ $n^{2}$
$A=(a_{11},$ $a_{12}$ , $a_{1n}$ ,
$a_{21}$ , $a_{22}$ , $a_{2n}$ ,
(43)
: : $\cdot$ . .:
$a_{n1}$ , $a_{n2}$ , $\cdot$ .. $a_{nn}$)
MT(2)
$[$ 3 $]^{[3]}$ RS-VM(2) $A$ $o(\log n)$
( ) $A$ 1 $n^{2}$ Y $\log$ $n^{2}$ repeat $n^{2}$ $n^{2}$
$A$ $n^{2}$ 1 Y $\log n^{2}$ stretch $n^{2}$ $n^{2}$
$A_{\iota}$ $A_{r}$ $A_{\iota}$ (44)
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((44) it $n=4$ )
(44)
(44) $b_{*k}^{j}$ $NUM(n)$. $\log n^{3}$ stretch
$NUM(n)$ $\log n^{3}$ repeat
$Z_{M}$ $Z_{M}$ (44) $b^{j_{k}}$: $0$
(44) $\log$ $n$ fold
$b_{00}^{0}b_{00}^{1}b_{00}^{2}b_{00}^{l}b_{10}^{0}b_{10}^{1}b_{10}^{2}b_{10}^{s}b_{20}^{0}b_{20}^{1}b_{20}^{2}b_{20}^{\epsilon}b_{ 0}^{0}b_{ 0}^{1}b_{ 0}^{2}b_{ 0}^{s}$
$b^{0}0b^{1}b^{2}b^{s}b^{0}b^{1}b^{2}b^{s}b^{0}b^{1}b^{2}b^{s}b^{0}b^{1}b_{ 1}^{2}b_{ 1}^{\epsilon}$
(45)
$b_{02}^{0}b_{02}^{1}b_{02}^{2}b_{02}^{\epsilon}b_{12}^{0}b_{12}^{1}b_{12}^{2}b_{12}^{l}b_{22}^{0}b_{22}^{1}b_{22}^{2}b_{22}^{s}b_{ 2}^{0}b_{l2}^{1}b_{ 2}^{2}b_{ 2}^{\epsilon}$
$b_{0\}^{0}b_{0\}^{1}b_{0\}^{2}b_{0l}^{\}b_{1l}^{0}b_{1\}^{1}b_{1\}^{2}b_{1\}^{\}b_{2\}^{0}b_{2\}^{1}b_{2\}^{2}b_{2\}^{\}b_{l\}^{0}b_{}^{1}b_{}^{2}b_{}^{\}$ .
Ic $\log n$ contmct
$(c_{00},$ $c_{10},$ $c_{20},$ $c_{ 0}$ ,
$C_{01},$ $C_{11},$ $C_{21},$ $c_{ 1}$ ,
(46)
$c_{02},$ $c_{12},$ $c_{22},$ $c_{32}$ ,
$c_{0\},$ $c_{1\},$ $c_{2\},$ $c_{\epsilon s}$ )
$c$ $=c_{ji}$
$c_{10}=c_{01}=b_{01}^{0}\vee b_{01}^{1}\vee b_{01}^{2}\vee b_{01}^{\}$ (47)
.
1
$MT^{(1)}$ $n^{2}$ $mn^{n}$ $mn^{n+2}$
$mn^{n+2}$ $MT^{(1)}$ $\log$ $mn^{n+2}$ repeat,
stretch $mn^{n+2}xmn^{n+2}$ $MT_{f},$ $MT$.
$MT_{A}:=MT,$ $\wedge MT_{*}$ (48)
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$MT_{A}$ $Z_{DB}$ $Z_{DB}$ 1
$n^{2}xn^{2}$ ( ” $mn^{n}$ (44)
$b^{j_{k}}$: $1$ , $0$ $MT_{A}$ $Z_{DB}$ \mbox{\boldmath $\tau$} $\log mn^{n}$ fold
$mn^{n}$ $\log n$ fold Y $\log n$ contract
$n$ $( \frac{m}{n}, \cdot n^{n+2})$
$M\overline{T^{(2)}}$
$n$
( ) $nxn$ 2
1 1 2 2 $n$ $n$ $n+$
$1$ 1 1 ( $0$ ) $Z_{MX}$
$Z_{MX}$
$M\overline{T^{(2)}}$
$\log$ $n$ fold $( \frac{m}{n}\cdot n^{n+2})$
$MT^{(2)}$ $MT^{(1)}$














(49) $\log$ $mn^{n+2}$ repeat $M_{DB^{\text{ }}}^{f}\log mn^{n+2}$ stretch $M_{DB}^{*}$
1 $NUM’(n)$ $\log m^{2}n^{2n+3}$ repeat
$M_{SB_{1}}=(1,2, \cdots, n)^{m^{2}\cdot n^{2\pi+3}}$ (50)
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N$UM’(n)$ $\log mn^{n+\}$ stretch $\log$ $mn^{n}$ repeat
$M_{SB_{2}}=((1)^{m\cdot n^{\hslash+3}},$(2) $,$ $\cdots,$ $(n)^{m\cdot n^{n+3}})^{mn^{n}}$ (51)
o $Z_{DB}$ $Z_{DB}$ $:=(M_{DB}^{r}\wedge M_{DB}^{l})$ A ( $M_{SB_{1}}$ A $M_{SB_{2}}$ ) (52)
0 $Z_{MX}$ $NUM’(n)$ $\log n$ stretch $\log$ $mn^{n}$ repeat
$M_{MX_{1}}=((1)^{n},$(2) $,$ $\cdots,$ $(n)^{n})^{mn^{n}}$ (53)
$NUM’(n)$ $\log(\frac{m}{n} n^{n+2})$ stretch
$M_{MX_{2}}=$ $((1)^{ \frac{m}{n}\cdot n^{n+2}},$(2) , $\cdot$ .., $(n)^{\frac{m}{n}\cdot n^{n+2}})$ (54)
$Z_{MX}$ $M_{MX_{1}}\wedge M_{MX_{2}}$ $MT^{(4)\text{ }}MT^{(8)\text{ }}\ldots$
L 2 $MT^{(n)}$
1( $n$ $y\sim$ )
Y $MT^{(n)}$ $(DIA(n))^{n^{n}}$ $\log n$ contract Y $\log n$ \wedge -contrac
1
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